We compared the degree to which Escherichia coli phase variants which do (T1P+ E. coli) or do not (T1P-E. coli) express type 1 pili (T1P) stimulate human polymorphonuclear leukocyte (PMN) oxidative activity. Unopsonized T1P+ E. coli stimulated the release of 0.20 to 0.24 nmol of H202 per 106 PMN per min and the consumption of 1.4 to 4.0 nmol of 02 (20, 22, 25, 49) . Such bacteria adhere to human buccal (31, 33) and urinary epithelial (22) cells and stimulate opsonin-independent polymorphonuclear leukocyte (PMN) oxidative, phagocytic, and secretory activity (4, 5, 27, 28, 35, 37, 42, 46, 47) . However, such nonopsonic PMN activation induces less bacterial killing than does opsonic cellular activation (35, 45, 50; M. B. Goetz, S. M. Kuriyama, and F. J. Silverblatt, submitted for publication).
Type 1 pili (T1P) are expressed by many virulent strains of Escherichia coli (20, 22, 25, 49) . Such bacteria adhere to human buccal (31, 33) and urinary epithelial (22) cells and stimulate opsonin-independent polymorphonuclear leukocyte (PMN) oxidative, phagocytic, and secretory activity (4, 5, 27, 28, 35, 37, 42, 46, 47) . However, such nonopsonic PMN activation induces less bacterial killing than does opsonic cellular activation (35, 45, 50 ; M. B. Goetz, S. M. Kuriyama, and F. J. Silverblatt, submitted for publication).
Since metabolically active PMN may harm the host (44, 51) , we investigated the quantitative relationship between opsonic and nonopsonic PMN activation by phase variants of two strains of E. coli which do (T1P+) and do not (T1P-) express T1P. We also determined the ability of purified TiP to stimulate nonopsonic PMN oxidative metabolism and some of the requirements for the expression of such stimulation.
Previous studies have provided primarily qualitative rather than quantitative assessments of the ability of T1P+ E. coli to stimulate opsonin-independent PMN oxidative metabolism (4, 5, 28, 35, 37, 42, 46, 47) . Furthermore, although nonopsonic PMN oxidative metabolism is known to be stimulated by T1P+ E. coli, TiP per se have not been shown to be an effective stimulus of such cellular activity (35, 42, 47) . Purification of pili. TiP were purified by the method of Eshdat et al. (19) . Briefly, TiP were mechanically sheared from whole bacteria, precipitated in MgCl2, and redissolved in 5 mM Tris, pH 8.0. This procedure was also used to isolate MR pili from E. coli 2320 grown on solid medium. (43) . After 60 min, the reaction was halted by the addition of 0.25 ml of ice-cold 25 mM EDTA-0.1 M glycine, pH 12 . After centrifugation to remove particulate matter, the soluble oxidized homovanillic acid product was measured spectrofluorometrically with an excitation setting of 312 nm and an emission setting of 420 nm. Standard curves were run in both the presence and absence of serum. All test conditions were done in duplicate daily. In preliminary studies, we demonstrated that the amount of the fluorescence bore a linear relationship to the amount of H202 present with a lower limit of 10 nmol in the presence of fresh serum and 2 nmol in the absence of serum. Under both conditions the upper limit was over 200 nmol. No H202 was detected if PMN were deleted from the assay. The specificity of the assay for H202 was confirmed by the ability of fresh, but not boiled, catalase to inhibit the conversion of homovanillic acid to the fluorescent product.
MATERIALS AND METHODS

Chemicals
02 uptake was measured polarographically with an Oxygraph (Gilson Medical Electronics, Middleton, Wis.) outfitted with a Clark oxygen electrode and an airtight, temperature-controlled, water-jacketted cuvette (38) . PMN (8 x 106) were preincubated at 37°C in the 1.6-ml assay chamber for 5 min before being stimulated. Oxygen uptake was linear from 1 to 5 min after PMN stimulation. The oxygen content of PBS was assessed by the method of Robinson and Cooper (40) . All conditions including control assays in which PMN were not stimulated were done in duplicate daily. The oxygen consumed by the control PMN was subtracted from that of the other samples before any calculations were done.
Statistics. Student's two-tailed t test for paired or unpaired samples were used as appropriate for all statistical analyses. The mean of duplicate assays done in a single day was treated as being the results of a single experiment.
RESULTS
T1P' E. coli-mediated stimulation of PMN oxidative metabolism. T1P+ phase variants of E. coli 2320 and 346, but not T1P-phase variants of E. coli 2320, stimulated nonopsonic PMN H202 release (Fig. 1A) . As with other TlP-mediated phenomena (3, 5, 42, 45) , the ability of T1P+ E. coli to stimulate nonopsonic cellular H202 release was completely ablated by 10 mM aMM but not by 10 mM aMG. Neither aMM nor aMG affected PMN H202 release after stimulation with phorbol myristate acetate or opsonized zymosan. In the presence of serum opsonins, both T1P+ and T1P-phase variants of E. coli 2320 and 346 stimulated PMN H202 release; such stimulation was not consistently inhibited by aMM (Fig. 1B) . The constitutively T1P-E. coli 3025 or 4185 did not stimulate nonopsonic cellular H202 release regardless of whether the bacteria were grown on solid or in liquid media (data not shown). Thus, alterations in bacterial surface properties, e.g., endotoxin content or hydrophobicity, owing to growth in liquid rather than on solid media are not sufficient to stimulate nonopsonic PMN H202 release.
Since measurement of H202 assesses only the release or extracellular leakage of oxidative products and not necessarily the total magnitude of intracellular oxidative activity (11, 41) , we determined the rate of PMN 02 uptake after stimulation of T1P+ or T1P-E. coli (Fig. 2) (Fig. 3) . (TlP-latex) but not BSA-latex adhered to PMN monolayers in the absence of serum (data not shown).
TlP-latex but not BSA-latex stimulated nonopsonic PMNL H202 release (Fig. 4) . In the presence of serum opsonins both TIP-latex and BSA-latex stimulated cellular H202 release. Furthermore, TlP-latex but not BSA-latex or MR pili-latex stimulated PMN 02 consumption (Fig. 5) . 02 consumption commenced within 1 min of PMN stimulation by latex particles coated with TiP purified from E. coli 2320, 346, or CSH50.
As has been previously shown (28) , unaggregated suspensions of purified TiP at 0.05 to 0.10 mg of protein per ml did not stimulate either assay of PMN oxidative activity regardless of the presence of serum opsonins. If it is assumed that when the TIP-latex particles are prepared all pili become adherent to the latex beads, the final concentration of TlP was no more than 0.04 mg/ml in assays of H202 release and 0.2 mg/ml in assays of 02 uptake.
The TlP preparations used in these studies are likely to be contaminated by endotoxin. Thus, either direct activation or priming of PMN (5, 27, 42, 45) . We compared the effect of cytochalasin B on cellular stimulation by these agonists to determine whether this homology extends to the means by which these agents activate PMN oxidative metabolism.
PMN preincubation with cytochalasin B for 10 min before being stimulated did not alter the adherence of T1P+ E. coli or of TlP-latex to the phagocytes (data not shown). In contrast, cytochalasin B strongly inhibited stimulation of nonopsonic and opsonic PMN H202 release by T1P+ E. coli TlP-latex, but not by ConA (Fig. 6 ). The bars depict the SEM, while the numbers above the bars represent the number of experiments. ND, Not done; T1P/L, TlP-latex; BSA/L, BSA-latex; TiP 2320, free purified TiP from E. coli 2320. Open bars, Stimulation in the absence of aMM or aMG; cross-hatched bars, stimulation in the presence of 10 mM aMM; solid bars, stimulation in the presence of 10 mM aMG. Symbols: *,**, P < 0.01 or P < 0.05, respectively, compared with analogous sample run in the absence of aMM; +, + +, P < 0.01 or P < 0.05, respectively, compared with analogous sample with TlP-latex 2320. 33:764A, 1985 (1) . Furthermore, whereas 02 uptake measures total PMN oxidative metabolism, H202 release reflects only the extracellular release of oxidative products (11, 41) .
BSA/L
The observed magnitude of PMN oxidative activity does not correlate with the rate at which PMN kill E. coli 2320. Although opsonized T1P+ E. coli constituted the most effective stimulant of cellular oxidative activity, opsonized a, 1 T1P+ and T1P-E. coli 2320 were are equally susceptible to PMN bactericidal activity, whereas unopsonized TIP' E. coli are, at most, killed only 15 to 20% as quickly (Goetz et al., submitted). These data imply that unopsonized T1P+ E. coli 2320 (19, 34, 36) . Such studies are of particular interest since recent data indicate that TlP adherence to guinea pig erythrocytes may be mediated by a minor pilus component rather than by the major structural subunit (30) .
Finally, our findings suggest another means by which TlP may enhance the virulence of E. coli. Since the expression of TlP dramatically increases E. coli-mediated stimulation of PMN oxidative metabolism without substantially increasing bacterial susceptibility to PMN-mediated killing regardless of the presence of serum opsonins (Goetz et al., submitted) , the accompanying inflammatory response may be detrimental to the host (44, 48, 51) .
